Three dimensional forest structure parameters are important components for understanding of the global forest carbon storage and cycle, as well as climate changes. Polarimetric SAR Interferometry (Pol-InSAR) techniques and waveform lidar have been widely and successfully used for extracting 3D forest structure profiles by means of both SAR and lidar airborne systems, but individually. Fusing both spaceborne SAR and lidar data sets and developing new merging algorithms are critical to measure global forest biomass and to understand terrestrial carbon dynamics. We have used GEDI (Global Ecosystem Dynamics Investigator) simulation data from NASA's LVIS (Land, Vegetation, and ICE sensor) and spaceborne SAR data from DLR's TanDEM-X at HH polarization over NASA AfriSAR campaign test sites, Gabon.
INTRODUCTION
Forest structural parameters, for example, forest height and biomass are key factors for our understanding of the Global Carbon Cycle, Global Water Cycle, Biodiversity, and Climate changes. Developing new methodologies and models by means of spaceborne data sets to understand forest structure are thus crucial. The acquisition of radar signals acquired from slightly different look angles to position the scatterers in 3D space allow for obtaining 3D forest structure information throughout the entire forest volume, similar to full waveform lidar profiles [1] . The combination of spaceborne waveform lidar (e.g. GEDI) and SAR (e.g. NISAR, TanDEM-X, TanDEM-L, BIOMASS) will be highly anticipated to provide global-scale, wall-towall, and high-resolution 3D forest structure information. However, because of the fundamental look-geometry differences between SAR and lidar data, SAR being sidelooking and Lidar Nadir-looking, combining the two datasets is not straightforward. However, the combination of these new datasets may result in new, cutting edge methods for Terrestrial Ecology, Carbon Cycle, Hydrology and Biodiversity investigations. The upcoming spaceborne waveform lidar mission, GEDI (Global Ecosystem Dynamics Investigation) will operate on the International Space Station (ISS) and laser ranging measurements for 3D structure of the Earth from early 2019 [2] . The GEDI instrument will not provide continuously imaging on the ground resulting in gaps between ground tracks and adjacent swath at the footprint level. In order to provide wall-to-wall mapping of 3D forest structure and biomass while maintaining the fine resolution measurement of each footprint, the GEDI data will be combined with spaceborne SAR data. TanDEM-X (TerraSAR-X add-on for digital elevation measurements) is an innovative satellite SAR mission that is flying twin X-band SAR satellite sensors in order to generate a consistent global DEM with high resolution (12m) and accuracy (< 2m) using a bistatic mode [3] . The TDX has additionally given us the first acquisition of satellite polarimetric SAR interferometry (Pol-InSAR) data without temporal decorrelation. Pol-InSAR is a SAR remote sensing technique based on the coherent combination of both polarimetric and interferometric observables [4] [5] . The Pol-InSAR techniques have proved a step forward in quantitative 3-D forest parameter estimation over a variety of forests at X-, L-and P-band. In recent studies, TanDEM-X InSAR data from space have been also available for the current forest study, but globally available single-pol (HH) TanDEM-X data limits conventional Pol-InSAR inversion approaches because of unbalance between the single observable and unknown parameters in the Pol-InSAR model [6] [7] . The fusion approach from GEDI and TanDEM-X indicates a great possibility for generating global-scale forest map and biomass maps (where the GEDI data will be available) with unprecedented spatial resolution. Fig. 1 shows the fusion product of spaceborne waveform lidar and SAR data. First, GEDI data have been simulated from LVIS [8] airborne waveform lidar data. The interpolated GEDI digital terrain model (DTM) was merged with TanDEM-X digital elevation model (DEM) at 12 m resolution by means of wavelet transformation techniques (see Fig. 1 ). Note that the GEDI simulation DTM represents underlying ground-level topography at lower spatial resolution, but the TanDEM-X DEM shows X-band InSAR phase center height at higher resolution. The fusion approach has successfully provided high-resolution underlying topographic information that is directly related to a ground phase in PolInSAR inversion. It provided a great possibility to apply Pol-InSAR inversion to globally available singlepolarization (HH) TanDEM-X SAR data. Fig. 2 (a) shows LVIS rh95 forest height and Fig. 1 (b) represents the PolInSAR inversion results from GEDI and TanDEM-X fusion, scaled from 0 m to 55 m. The comparison of the LVIS rh95 and GEDI/TanDEM-X height product was shown in Fig. 2 
